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ing handling activities (Park et al., 1998b (Park et al., , 2017a Ross & Ross, 2008; Gil et al., 2016) . Anaesthesia also has no harmful effect on mortality and morbidity (Cooke et al., 2004) .
Recently, anaesthetics used in aquaculture have satisfied several conditions such as safety to both user and fish, affordability in price, nontoxicity to the environment, and no withdrawal period with synthetic-based anaesthetics like MS-222 (Pirhonen & Schreck, 2003; Park et al., 2017a) . Clove oil is used as a food additive and lidocaineHCl is used as a local anaesthetic agent in dentistry. Both are safe for fish and humans (Park et al., 2011 (Park et al., , 2017a (Park et al., , 2017b . Thus, clove oil and lidocaine-HCl [2-(diethylamino)-N-(2, 6-dimethylphenyl) acetimide hydrochloride] have become more and more popular in the aquaculture industry (Bell, 1987; Park et al., 2011) . The anaesthetic effects of clove oil and lidocaine-HCl have been found to be excellent in a number of fish species (Park et al., 2011 (Park et al., , 2017a .
The anaesthesia exposure time is within 3 min or less and the recovery time is within 5 min or less (Summerfelt & Smith, 1990; Woolsey et al., 2004) . Various concentrations of clove oil and lidocaine-HCl which were used to anaesthetize a variety of samples gave satisfactory exposure times and recovery times regardless of the size and weight of the sample (Park et al., 2011 (Park et al., , 2017a (Park et al., , 2017b .
Fish transportation is a very important part of the aquaculture industry and it is essential to minimize the physical stress on the fish during transportation (Cooke et al., 2004) . Sedative effects of anaesthesia are different from direct anaesthesia in that a low anaesthesia concentration will slow down the metabolic activity of fish, which is beneficial when transporting fish (Ross & Ross, 2008; Gil et al., 2016; Park et al., 2017a) .
The river puffer, Takifugu obscurus and tiger puffer, Takifugu rubripes are cannibalistic species that have been regarded as important aquaculture species in Japan and Korea. Moreover, river puffer and tiger puffer have an economic advantage of high value resulting from their excellent flesh quality (Park et al., 2017b) . They bring in more than 2 times the price of olive flounder, Paralichthys olivaceus, rockfish, Sebastes zonatus, yellowtail, Seriola quinqueradiata, or red seabream, Pagrus major (Kikuchi et al., 2007) . However, river puffer and tiger puffer have sharp teeth with which they can cut nets or cannibalize each other, so that sedation during the transport is economically advantageous (Kang et al., 2005) . Therefore, the aim of this study is to determine the optimum concentrations of anaesthetic clove oil and the mixture of two anaesthetics, clove oil and lidocaine-HCl for anaesthetizing river puffer and tiger puffer with a range of salinity and temperatures.
Experimental fish
In 2018, 96 specimens each of river puffer and tiger puffer were purchased from puffer fish hatchery in Korea.
The samples were transported to and reared in the Fishery Genetics and Breeding Sciences Laboratory of the Korea Maritime and Ocean University, Busan, Korea. The initial measurements of body weight (BW) and total length (TL) were made to the nearest 0.1 g and 0.1 cm using an electric balance (AX 200, Shimadzu Corp., Japan) and digital vernier calipers (CD-20 CP, Mitutoyo, Japan) respectively.
The TL and BW of each species were 13.7±2.24 cm and 47.5±4.27 g for river puffer, and 15.2±2.67 cm and 56.2±6.35 g for tiger puffer respectively. Experimental samples were acclimated for one week in aquariums with different water temperatures (20℃, 24℃, and 28℃) for sufficient adaptation and all samples were starved for 24 hrs prior to the experiments.
Anaesthetic effect criteria
As shown in Table 1 , exposure and recovery behavior stages are categorized in accordance with the anaesthetic effect (Summerfelt & Smith, 1990; Woolsey et al., 2004) .
Exposure time is defined as from the time when the samAnaesthetic Efficacy and Physiological Responses of Clove Oil and Lidocanine-HCl on Puffer Fish ple was stocked in water containing anaesthetic to the time of reaching the A5 stage (Table 1; little sedation; anal fin and tail fin movement stops). Recovery time is defined as from the time when the fish were stocked in recovery water to the time of attaining the R6 stage, in which swimming and responsiveness to visual stimulation is normal (Table 1) .
Investigation of the anaesthetic effect
The anaesthetic effect of clove oil (82%-87% eugenol: Sigma, MO, USA) was investigated at four concentrations (15, 30, 45, and 60 ppm) , three water salinities (10, 20, and 30 ppt) and three temperatures (20℃, 24℃, and 28℃).
The anaesthetic effect of the combination of two anaesthetics, clove oil and lidocaine-HCl (Sigma, MO, USA) was examined at three concentrations of clove oil (15, 30, and 45 ppm) and three concentrations of lidocaine-HCl (400, 500, and 600 ppm) at 24℃ and 30 ppt. Fish were exposed to different combinations of salinity, water temperature and anaesthesia concentrations. The stock solution clove oil was dissolved in 95% ethanol (Sigma, MO, USA) at a ratio of 1:10 (Cho & Heath, 2000) . Low doses of ethanol have no anaesthetic effect on fish (Munday & Wilson, 1997) .
The anaesthetic solution of lidocaine-HCl was neutralized with 1,000 ppm NaHCO3 (Park et al., 1998b) , which was prepared as the total concentration to anaesthetic effect. 
Water parameter in anaesthetic experiment
Analyzed water quality parameters included the dissolved oxygen (DO), CO2, respiratory frequency, NH4 + , and pH for 6 hrs (pre, 1, 2, 3, 4, 5, and 6 hrs). To prevent sample mortality in the experiment, samples were processed under the diversified concentrations of clove oil for several hours, resulting in the concentration of clove oil for sedative action being 5 ppm. Prior to measuring DO, the NH4 + and CO2 concentrations were measured using a spectrophotometer (DR 2800, Colorado, USA). The respiration frequency (gill cover movement) of fish was measured using a counter and a digital timer. The DO concentration
was measured with an O2 electrode and a multi-data logger system (Oxyguard, Denmark). 
Statistical analysis
One and two-way analysis of variance (ANOVA) were used to identify the significance (p<0.05) of all triplicate experiments. The differences among groups were analyzed by ANOVA using the SPSS statistics package (SPSS 9.0, SPSS, Chicago, IL, USA), and multiple comparisons were performed using Duncan's multiple range test (Duncan, 1955 ).
Investigation of the anaesthetic effect
Water quality parameters in this anaesthetic experiment are shown in Table 2 . No samples died during the anaesthesia experiments due to stress from anaesthesia. Tables   3, 4 , and 5 show the parameters associated with the effects of all anaesthetics at each concentration, salinity, and temperature during the test. Table 3 The values are means of triplicate groups. Dissolved oxygen, pH and salinity were measured using an oxygen measurement electrode and a multi-data logger system (Oxyguard, Denmark). Ammonia, nitric acid, nitrous acid and conductivity were measured using spectrophotometer (DR2800, Colorado, USA).
times. Recovery times for both species constantly increased as the anaesthesia concentration was increased. Tables 6 and 7, and Fig. 1, 2 , and 3. The DO, pH, and the respiratory fre- Different small letters indicate significant differences for the different clove oil dose at the same salinity degree (p<0.05). Different capital letters indicate significant differences for the different salinity degree at the same clove oil dose (p<0.05).
quency decreased up to 6 hrs, whereas the NH4 + and CO2
concentrations increased in all groups (p<0.05). Initial DO was 7.5±0.32 ppm for all groups.
In control group, DO values for river puffer showed a significant difference after 3 hrs and for tiger puffer after 4 hrs (p<0.05), whereas in clove oil sedated group, both river puffer and tiger puffer showed no significant variation respectively (Table 6 ). In control group, CO2 concentrations for both river puffer and tiger puffer showed no difference, whereas in clove oil sedated group, CO2 concentrations for river puffer showed a significant variation after 5 hrs and for tiger puffer after 3 hrs (p<0.05; Table 7 ).
Sedated group significantly showed a lower respiratory frequency 1 hr after the experiment compared to the control groups (p<0.05). Also, all group for tiger puffer showed higher respiratory frequency than those of river puffer (Fig. 1) . NH4 + and pH values were similar to the results of DO and CO2 with being significantly different after 2 hrs (p<0.05; Fig. 2 and 3 ).
The plasma cortisol concentrations found at different times after anaesthesia are shown in Fig. 4 , 5, 6, and 7.
Plasma cortisol concentration at each temperature and salinity increased up to 12 hrs, after which it decreased (p<0.05). Pre-experiment plasma cortisol concentrations were less than 5 g/dL in all groups (p<0.05). After 1 hr, the plasma cortisol concentrations were drastically increased and the high concentrations (more than 15 g/dL)
were maintained for 12 hrs (p<0.05). After 24 hrs, concen- Different small letters indicate significant differences for the different clove oil dose at the same water temperature (p<0.05). Different capital letters indicate significant differences for the different water temperature at the same clove oil dose (p<0.05). Different small letters indicate significant differences for the different clove oil dose at the same elapsed transporting time (p<0.05).
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trations were decreased to pre-experiment levels (p<0.05).
At 48 hrs after anaesthetic recovery, cortisol concentrations were almost similar to the pre-experiment values in all experimental samples.
Anaesthesia has been used to tranquilize fish regardless of their weight and standard length and it is usually an effective method for carrying out many activities such as labelling and tagging, injecting vaccines or antibiotics, studying physiology and ethology, photography, artificial spawning, wound healing, and live fish transport (Gil et al., 2016; Park et al., 2017a) . All of these manipulations of fish contribute to the various fields of biological research (Summerfelt & Smith, 1990; Park et al., 1998a Park et al., , 1998b Park et al., , 2003 .
Clove oil and lidocaine-HCl are effective anaesthetics for fish (Bell, 1987; Park et al., 2011 Park et al., , 2017a Park et al., , 2017b . They satisfy anaesthetic criteria including efficacy, availability, ease of usage, cost, safe for humans and environment, and Anaesthetic Efficacy and Physiological Responses of Clove Oil and Lidocanine-HCl on Puffer Fish cle and age, size and weight, and body condition. Plasma cor-tisol is an indicator of a stress response which is related to metabolic rate (Mommsen et al., 1999; Pirhonen & Schreck, 2003) .
In this study, we have established the anaesthetic conditions of clove oil and clove oil -lidocaine-HCl combinations for river puffer and tiger puffer. Water temperature and salinity have been used to anaesthetize fish under vari- (Woolsey et al., 2004; Park et al., 2008b Park et al., , 2009 Park et al., , 2011 Ghazilou et al., 2010) . At each temperature and concentration in the anaesthesia experiment, exposure time decreased with increasing temperature and concentration and recovery time decreased with increasing temperature and concentration (Woolsey et al., 2004; Park et al., 2008b Park et al., , 2009b Park et al., , 2011 .
Considering salinities and anaesthesia concentrations, puffer fish met the anaesthesia condition within 3 mins and recovered within 5 mins at each salinity and concentration. Ghazilou et al. (2010) studied the relation of different salinities and concentrations on exposure times and recovery times. In this study, river puffer and tiger puffer were shown to be more sensitive to clove oil, water temperature and salinity. Although the combination of two anaesthetics, clove oil and lidocaine-HCl in fish has not been used previously, a combination of anaesthetic agents is crucial to complement the shortcomings of using only single anaesthetic, and maximizes the benefits of the anaesthesia efficacy from the two anaesthetic agents (Schoettger & Steucke, 1970; Sneddon, 2012) . and Atlantic halibut resulted in less mortality, fewer adverse side effects, and shorter recovery times than when a single anaesthetic was used (Schoettger & Steucke, 1970; Zahl et al., 2011; Sneddon, 2012 (Park et al., 1998a (Park et al., , 2009a Cooke et al., 2004) . Based on these results, we can assume that the considerable variation during transportation might be caused by high stress induced by handling or netting. All water parameters 4 hrs after experiment were similar in all experimental groups and maintained a constant values thereafter. In an observation with winter flounder, exuberant metabolic activity resulting in a rapid respiratory frequency and energy generation caused a deterioration of water quality (Park et al., 2009a) .
Plasma cortisol is a useful indicator of stress in fish (Donaldson, 1981; Barton & Iwama, 1991) . Barton and Iwama (1991) stated that "Usually, the phenomenon that plasma cortisol concentration of fishes rises by stress is the first order reaction and the phenomenon that plasma glucose concentration rises is the result of second-order reaction by hormone rise reaction caused by stress". Plasma cortisol concentration did not recover to a normal level until 12 hrs after the experiments, indicating that stress was present until 12 hrs in this study.
In general, the main considerations in the anaesthetization of fish are safety, efficiency, price, toxicity, physiological response, and duration of withdrawal period and restriction of use (Bell, 1987; Park et al., 2003; Kang et al., 2005) . Comparing the anaesthetic exposure and recovery 
